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INTRODUCTION, ABSTRACT, AND SUMMARY

This report will cover the work performed from | July 1975 through
31 December 1975 on Grant NGL 03-002-019 between the University of
Arizona and the National Aeronautics and Space Administration.

This contract was set up to support the development of new types
of detectors for analysis of planetary atmospheres. Initially, the
interest was in detectors for use under partial vacuum conditions;
recently, the program has been extended to include detectors for use
at one atmosphere and adsorption systems for control and separation of
gases. | |

Results to date have included detectors for O2 and H2 under
partial vacuum conditions (Publications |, 3, 4). Experiments on
detectors for use at high pressures began in 1966; and systems for CO,
H

and 0., were reported in 1967 and 1968 (Publications 8, I1). In

2 2
1968 studies began on an electrically confrolled adsorbent. |t was
demonstrated that under proper conditions a thin film of semiconductor
material could be electrically cycled to adsorb and desorb a specific
gas. This work was extended to obtain quantitative data on the use of
semiconductors as controllable adsorbents (Publications |1, 12).

In 1968 a new technique for dry replication and measurement of
the thickness of thin films was developed. A commercial material,
Press-0-Film, was shown to be satisfactory when properly used. This
technique is most useful for studies of semiconductor thin films where

normal interference techniques are not practical because of the non-

reflective nature of the film (Publication |3).
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During the period from 1968 through 1971 the Carbon Monoxide
Detector, first demonstrated on the NASA program (Publication 8), was
refined and improved for use by the Department of Health, Education
and Welfare.

In 1969 studies began oh a Corona Discharge Detector for water
vapor. This system was shown to be rapid in response, suitable for
continuous operation, and reasonably linear in output (on a logarithmic
plot) from 10 percent relative humidity to 95 percent relative humidity.
A program to develop this detector for hydrological applications began
in 1970 but was temporarily dropped because of |imited user interest.

In 1970 we began an investigation of the catalytic oxidation of
various gases. i.e., CO, NH3 and H2 over metallic catalysts. We
demonstrated that the rate of reaction could be observed and controlled
in terms of the exoelectron emission from the catalysts (Publication 16).
In 1971 this study was directed to the expanded mone! metal catalysts
used for auto exhaust emission control and for spacecraft atmospheric
purification (Publication 20).

This investigation has been extended to catalysts operating at
ambient (one atmosphere) pressure and to the dispersed metal-ceramic
catalysts used in the chemical industry. There seems to be no question
that the exoelectron effect can be used to monitor catalyst operation.

The capability of monitoring the actual rate of catalysis is
important in many industrial operations where a slight change in rate-

of-reaction can have a significant effect on the safety or economics of

the process. The conventional techniques, which involve analysis of the
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reactant or temperature confrol of the catalyst, are frequently foo
slow to permit accurate control. Applicéfion of this control fechnique
has been discussed with the Dow Chemical Company (Texas Division).
Another application of the excelectron effect exists in the area of
catalyst research. An undergfanding of the mechanism relating catalysis
To electron emission will help in obtaining a final explanation for the
caTalyfic process itself.

In 1971 we began the study of a new technique for analysis of
solid materials. This system involved heating or grinding the sub-
stance and observing the induced exoelectron emission. The effect is
known as Temperature Stimulated Exoelectron Emission (TSEE). One
application of this phenomenon to observation of grinding processes
has been published (Publication 18).

In 1973-74 we began investigating the electrostatic charging
phenomena that are associated with the generation of dust particles.
These charge effects may be an important factor in the atmospheric
suspension of particulates during dust sfofms. This may be particularly
significant in the Martian dust storms where the irregular Martian sur-
face would almost preclude the usual wind-dust mechanism.

We have demonstrated that naturally occuring dusts acquire
electrostatic charges when agitated. These charged particles are
"levitated" by the planetary electrostatic field and become '"permanent
atmospheric impurities". |If similar conditions exist on Mars the
electrostatic effects might be the mechanism for suspension of vast

quantities of dust in the "thin" Martian atmosphere.
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Other aspects of this dust investigation relate to an understand-
ing of dust levitation on the moon. Recent lunar observations suggest
that a significant amount of moving dust is associated with the solar
terminator. This dust suspension can only be understood in terms of
electrostatic phenomena. An~addi+ional problem in understanding the
lunar dust studies is the obvious lack of any "wind" to raise the
dust. It has been suggested that sand slides or thermally induced
rock splitting might provide enough electrostatic charging to induce
dust levitation. To investigate this question we began, in 1975, a
study of electrostatic charging of minerals under §+ress. Another
facet of this study was aimed at an analysis of the charging of sand
as sliding occurred. This work is continuing; partial support for the
rock studies has been obtained from the National Science Foundation.
The NSF interest relates to the pre-failure detection of underground
rock bursts.

Another application of the dust charging studies is aimed at the
control of respirable industrial dust by exposure to oppositely charged
water foé. This system is being tested at several industrial plants
and the indications are that it is a practical dust éonTrol technique.
The commercial aspect of this work will be handied by a mid-western
corporation. This is anbexample of a practical fall~out from the Space

Program.



SUMMARY OF WORK IN THE PAST SIX MONTHS
AND STUDIES PLANNED FOR THE NEXT REPORT PERIOD

Electrostatic Effects in Minerals Under Stress

The mechanism of ceramic failure is reasonably well understood;
fracture involves either tension or shear loading (1). Many studies
(2) have indicated that failure is preceded by acoustic noises gener-
ated by microfracture. There have been other reports (3), dating back
to 1500 A.D., of élecfrical phenomena associated with rock failure, but
to date no mechanism for these effects has been established.

One obvious mechanism would involve piezoelectric effects,
though it is difficult fo imagine just how such phenomena could arise
in a material as non-uniform as rock. Parmenhenko (4) has discussed
electrostatic effects in rock materials and cifes a numbér of experiments
that suggest the existence of piezoelectric charging in many different
types of rock. Another mechanism, involving the stress induced dif-
fusion of sodium ions, has been reported by Weber and Goldstein (5).
This system was shown to operate in plate glass but there have been
no reports of similar experiments in other ceramics. Resistivity
changes, in rocks under stress, have been discussed by Brace and
Orange (6), but their mechanism does not predict electrostatic
charging. In view of the lack of agreement among these investigators
we decided to build a test system to evaluate rock electrification

processes under various conditions.



In general, there seems to be no argument that load related changes in
resistivity and electric charge occur, but the question of why remains
unanswered. The problem is made more complex by the report of Wol-

Ibrandt, et al (7) indicating that high energy (100 kev) electrons are
emitted by alkali halide crysT;ls during fracture. |If similar effects
occur in rock (evidence for this will be cited below) any suggested

mechanism must allow for the generation of electrons with energies up to
100 kev. All of the above suggests that investigation of ceramic

electrostatic effects will be a difficult and rewarding problem,

LABORATORY STUDIES

The first part of this program was devoted to a study of the
electron-ion emission .from rocks and ceramié materials under stress.
This work indicated that such emission occurs and that the electron-
ion currents can be correlated with the load oh the material. The
observation of light flashes during fracture suggested the emission
of high energy elecfrons that could "excite" air molecules which then
decay by a photon mechanism.

The second phase of the program, which is currently under way,
was devoted fto measurements of the electrical currents produced by the
rock or ceramic as a function of load. It wag hoped that measurement
of these currents would allow us to understand the mechanism(s) and

design a system for prediction of rock failure.



EXPERIMENTAL SYSTEM

The system was designed* around a loading frame and a twelve
ton hydraulic jack driven by air over oil hydraulic intensifier.
The loading system and two typical experimental setups are shown in
Figure 1. Under compression loads the rock fails in a combination of
tension and shear. In the bending mode, failure is due to bure tension.

The experimental materials available included various types of
glass, provided by Mr; Richard Sumner of the Univérsify's Optical
Science Laboratory. Rock specimens were made available by the Univer-
sity of Arizona Colliege of Mines and Mr. Vern Hooker of the United
States Bureau of Mines, Denver Laboratory. Coal specimens were pro-
vided by Mr. W. J. Vincinelly of the State of Pennsylvania, Bureau of
Deep Mine Research and by Mr. John Kistner of Northumberland, Pennsyl-
vania. All of this assistance is gratefully acknogledged.

Electrical contact to the specimens was made in.a variety of
ways. On glass and hard rock we ground indium into the surface with
a small hand grinder. (The grinding wheel was "loaded" with indium

~and then pressed against the rock.) Soft solder was used to attach

wires +o the indium, in some cases both indium and Aquadag were used
Yo make contact over a larger area.

The indium grinding process may produce a defect in the surface

that can serve as a "stress raiser." When this was a problem, simple

*
The system and loading fixtures were designed and constructed
by Mr. Christian W. Savitz.
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spring contacts and silver paint (General Cement) or Aquadag (Acheson
Colloids, Inc.) were used. In soft rock or coal it was possible fo
drive-in steel phonograph needles and solder wires to Thé needles.

We must note that none of the above contact techniques are
thought to be truly "ohmic" }n the sense of freedom from blocking and
rectifying effecfsf However, we suggest that detection of load changes
and pre-fracture effects is practical even with non-ohmic contacts.

We would hope to develop a general technique for producing ohmic con-

tacts on rock but this may not be accomplished under the present

program.

EXPERIMENTAL RESULTS

A. Compression Loading of Rock Cores

The first studies involved compression loading of_rock cores in
the apparatus of Figure |. |In earlier studies we had observed signifi-
cant emission of both electrons and ions as Pyrex tubes or rock cores
were loaded to failure. Typical data of this type is shown in Figure 2
where the electron-ion currents were measured by metal rings spaced
some |0 mm from the Pyrex cylinder. Similar data on the mineral andesite
is shown in Figure 3. Here only electron currents were measured but the
data and correlations are quite similar to those of Figure 2.

In the present studies the probes were placed in contact with the
rock itself, with the expectation of demonstrating that it was possible
to detect stress related electrostatically generated currents. The
tests with rock cores were performed with the hope of simulating the

actual failure situation observed in a rock burst. However, this
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type of experiment is well known to suffer severe difficulty because
of complex platen-specimen interactions. To reduce the hazard of frac-
ture beginning at the platen-specimen interface, we installed stainless
steel hose clamps, as reinforcements, at the ends of the core. These
clamped areas were expected to bé under a lower stress than the center
of the specimen (because of the clamps) and were used as "reference"
contact points. We suggest that these results represent the electrical
effects observed in a "stressed" and relatively "nonstressed" region.

Typical data of this type is shown in Figures 4, 5, 6, and 7. In
Figure 4 the spikes on the current signals from the center region (test
contact) and the clamped area (reference contact) are well correlated
with the changes in load. The amplitude of the test contact signal is
significantly larger than the reference contact signal, as would be ex-
pected. There was some localized crushing in the reference contact area
and this may account for the observed reference contact signals. The
sign reversal of the test contact signal observed at 4.5 minutes, has
been seen with a number of granite type materials and is usually taken
as an indication that failure is imminent. More data of this type will
be discussed below. |

Similar results, on limestone, are shown in Figure 5. Here there
was no crushing, in the reference contact area of the specimen, and the
reference confacT‘signal showed no change. The test contact signal did
not show the spikes observed with granite, instead there was a change in

the sign of the signal and a steady increase with load, to failure.
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Other data, on a granite material, is shown in Figure 6. Here again
there was no failure in the reference contact area and the current signal
from that region was essentially constant. The signal from the test
contact region increased in a series of steps as the load changed, the
correlation between the increa;es in load and the current changes is
obvious. |t was interesting to note that, with this material, the
current did not decay back to the base line with time. In one test
(not shown) the load was maintained for over five minutes but the current
level only fell some 20% below the peak value attained when the load was
applied.

The last experiment in this series was designed to determine if
the signal from the failure area could be detected at some distance from
the point of failure. The converse question would be, "is the signal from
the failure area larger than that from an adjacent region?" The data
here is shown in Figure 7; failure began at or near the upper contact with
| imited crushing near the lower contact. This can be seen in the current
signals, initially the lower contact signal was the larger of the two
but as the load increased the upper contact signal exceeded that from the

lower contact. This suggests that the point of failure will produce the

“largest signal, which is what one would hope.

The decay of the current spikes with time presents a different
picture, normally the signal spikes from Texas granite decay very rapidly
and this was observed at the failure area. However, the signal away from
the failure region decayed much more slowly, we have no explanation for

this at the moment.



B. Rock Slabs Under Bending Stress

One difficulty with the rock core tests is that the stress distri-
bution in the rock is quite complex with no clearly delineated areas
of tension and compression. The loading of flat slabs, with the
apparatus shown in Figure | pr;senfs an entirely different picture.

Here the ubper surface is in pure tension while the lower surface is in

compression. In this case the usual stress-strain formulas can be used

to calculate the loads and deflection involved.

Typical results with this type of experiment are shown in Figures
8 through 17. The data of Figures 8 through 15 was taken on Texas
granite because of its history of violent fracture in earlier loading
tests. |1t was thought to be typical of the rocks found in areas prone
to sudden failure.

In Figures 8, 9, and 10 we see that the current spikes from the
upper (tension) side of the slab are positive while the signals from the
lower (compression) side are negative. This agrees with the Weber-

Goldstein theory (Reference 5) which suggests that differential charging

is due to stress induced diffusion of sodium ions.

Unfortunately this theory meets with difficulty when we note that
the pulses generated by changes in load die away rather quickly in spite

of a constant load. Another difficulty with the Weber-Goldstein mechanism

" is the existence of test data (to be discussed below) in which the pulses

from the upper (fension) side are negative while those from the lower

(compression) side are positive. There is some suggestion that a contact
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blocking or rock impurity phenomena is responsible for this reversal but
in any case the transient nature of the current pulses suggests a
piezoelectric mechanism. (The dying away of the pulses would be due tfo
the current drawn from the specimen.) In a Iafervseries of experiments,
we hope to use a non-confacTiné, high impedance, voltage deTecfor to
determine the meachnism of the charge generating effect.

Turning again to Figure 8, it is interesting to note that before
failure (at the seven'miﬁufe point) a reversal of the lower side current
occurs. There is also some evidence that the pre—fracfuré lower side
currents do not die away as long as the load is held constant and this
may prove useful as an indicator of imminent specimen failure. The data
of Figure 9 is essentially a duplicate run of Figure 8, we wished to see
how repeatable the phenomena really was. It is apparent that all the

features discussed for Figure 8 are present in Figure 9 suggesting that

the effects involved are repeatable.

In the tests of Figures 8 and 9 we wished to see what currents if
any were generated in areas of essentially zero stress. A reference
contact was attached at the end of the specimen and showed no-change
during the test.

Other data on red granite is shown in Figure [0 - for three runs

on a single specimen. The load was released at the end of the first two

'Tesfs, on the third test the specimen was taken to failure. All three

runs displayed very similar features including a significant increase in

upper and lower contact urrent with load. bThis increase was in addition




to the spikes usually observed with this material and can serve as an
example of the various types of electrical phenomena observed with a

single material. It is tempting to suggest that at high stress levels

the piezoelectric effect is overwhelmed by the charge diffusion phenomena

of Weber and Goldstein, but at this point we do not have enough data to

even suggest a mechanism.

The data of Figures |l and 12 are in distinct contrast to the previous
results in that the currents from the lower contact are positive while
those from the upper contact are negative. This may be due to some block-
ing contact effect or a change in moisture contact of the rocks. We notice
that in Figures |l and 12 there were significant changes in the steady
state signal level before failure. This is usually taken as an indication
+ha+‘failure is imminent.

Figure 13 shows similar results obtained with pin contacts inserted
intfo drilled holes. This suggests that the changes in sign observed in
Figures |l and 12 are more likely to be a function of the rock rather than
the method of contacting the rock.

All of the above data was faken on "dry" rocks stored in the
laboratory for several months. The next experiment was designed, to

determine the effects, if any, of water saturation on the current signals

generated during loading. Several specimens were soaked in distilled

water for 100 hours before testing. For the test the rock was dried by
rubbing with a paper towel to remove surface water. The first data is

shown in Figure 14, the current levels were significantly higher and
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there was a steady state currénT that did not decay as long as the load
was applied. Other than that the gross features of the Figure appear
to be quite similar fo those observed with dry rocks of the same type.
This suggests that the Rock Burst Detection System will be able to
operate even with "wet" rocks.~

Data on a limited number of other materials has been obtained to
determine if the currents observed with red granite are unique to that
material. Typical results on dry galena quartz are shown in Figure |5.
This data was taken early in the program and there was no lower side
electrical contact. The reference contact was not placed in a fruly
sttess-free area and there was some signal from the reference contact as
the load level changed. Nevertheless, the upper contact signal does
display many of the features observed with red granite. There are sig-
nif%canf spikes associated with changes in load and a steady state current
that does not decay to zero in the presence of constant load. The sudden
variations in signal level, at constant load, may be associated with
micro-fracture phenomena but at present this is only supposition.

In Figure 16 we show some of the early data taken on dry sandstone.
Here again we see the spikes that we have come to associate with
changes in load but there is also a steady increase in signal level, with
load (that shows no sign of decay at constant load). This may well
represent a significant difference between the igneous, granitic

rocks that might be expected to display piezoelectric phenomena and the

sedimentary rocks that are unlikely to have piezoelectric characteristics.



PLANS FOR THE NEXT SIX MONTH PERIOD

In the next sik month period we plan to continue the measurements
of electrical currents from rock or ceramic materials under stress.
These tests will include coal and coal shale materials and rocks that
have been saturated with water. Many mines are quite wet and the ef-
fects of absorbed water must be determined.

The electrostatic charging, if any, will be measured by a non-
contacting Trek electrostatic voltmeter. We suspect that ejection of
fine particulate matter occurs during the pre-fracture phase and we
hope to detect these particles by means of greased microscope slides.

The laboratory studies of ceramic failure will be extended to a
more detalled measurement of the energies of the ions and electrons
emitted by rocks under stress. This will involve a 50 ton press, which
is being assembled, and a liquid scintillator-photon counter system.
This system will be complex and expensive but there seems to be no
other way to do the experiment. Rock fracture and spalling would
destroy the usual thin window geiger counters or surface barrier de-
tectors. The liquid medium can be expected to respond fo the electron-
ion currents and to stop flying rock fragments. " The liquid will have
to be pumped and filtered after every experiment but the information tfo

be obtained is judged worth the effort.

Electrostatic Effects Associated with Sand Dunes and Moving Particulate

Matter

In earlier studies it was demonstrated that particulates of

respiratory size acquired a charge when ground or agitated. In most



cases the charge was negative and we suggested that this negatively
charged material might interact with the earth's electrostatic field

to levitate the particles. We consider that this type of levitation
has been demonstrated but as yet no mechanism for the initial raising
of the particles has been proposed. On earth or even on Mars one might
postulate that the dust is raised by local winds, but this cannot pos—
_sibly be the case on the moon. Even on Mars the suggestion of local
winds as a dust raising mechanism is difficult because of the irregular
Martian topography.

In view of the above and the knowledge that electrostatic effects
had been observed in sand dunes we suggested that the initial levitation
process might involve the charging-up of a sand dune, this dune would
then eject any particles having the charge of the same sign as the dune
itself. One might even suppose that a charged dune could eject small
particles with enough energy to rise several centimeters, this would
permit any local winds to effectively keep the particles suspended.

A search of the literature revealed numerous references fto the charging
of sand as it is windblown or flows down a slope (8). 'No general ex-
planation for this effect has been given but the process seems to depend
very strongly upon the absence of water vapor--a condition that is easily
satisfied on the moon or Mars.

Under natural conditions sand is usually found in dues or rows of
sand waves. No measurements of sand dune electrostatics have been found

in our literature search but there are publications that "suggest" the
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presence of electrostatic phenomena under "dry" conditions. (We were
referred to this data by Dr. David Criswell of the NASA Lunar Science
Center in Houston; his assistance is gratefully acknowledged.) Typical
references of this type are 9, 10 and || relating to the so called
"booming or singing" dunes. I} seems that under dry conditions these
dunes generafe acoustic noise (50 to 300 Hz) when the sand is moved. in
some cases the noises are loud enough to be heard at a distance of
1500 meters. The sound is not a broad spectrum signal but is sharply
peaked at specific frequencies.

In Reference 9 some crude observations (sand grains clinging to-
gether in strings, attachment of sand grains to glass, efc.) indicated
the presence of electrostatic effects. In references 10 and Il some
indication of electrostatic effects existed but no numericél measurements
were made. |t is interesting to note that the boom sands of the Kalihari
are very deficient in "fines" smaller than 150 mesh (0.1 mm) when
compared to non-booming sand. |t may well be that the fines have been
ejected by electrostatic repulsion and carried away by the wind. This
would agree with suggested levitation mechanism discussed above. Un-
fortunately this "deficit fines" was not observed in the booming sand
studies of References 10 and |l. 1t may well be that the older dunes of
the Kalihari have ejected the fine particulates while the younger dunes
in Nevada have not. In any case we cannot suggest that the presence or
absence of fines is related to the "boom sands". It seems more reasonable
to relate booming to electrostatic effects of some unknown characfer; More
experimental studies will be needed to correlate electrostatic and acoustic
phenomena. To date this has not even been attempted in the laboratory to

say nothing of the fieid.
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In view of the apparent lack of in-the-field experimental studies
we decided to first simulate the phenomena in the laboratory and develop
laboratory measurement techniques that might be moved into the field at
some future date. Once again a search of the literature indicated that
no apparatus for this type of ;xperimenf had been reported and we decided
to build three small experimental systems.

The first system, which is shown in Figure 17, was designed to lif+t
sand and deposit it tfo form a dune. The Trek electrostatic probe shown
in Figure 18 was to be used for observation of the surface charge of the
dune and for monitoring discharges as the dune was allowed to "slip" to
a new angle of repose. The first studies with this system indicated that
a dune could be constructed and that the dune acquired a charge as the
sand built up. A microphone pickup was buried in the dune to detect
booming as the dune was pushed over, but no signals were observed. We
speculate that the relative humidity in the laboratory (30%) was too high
and plan to repeat the experiment with "dry" air.

An inferim system, to investigate the effect of a partial vacuum, was
designed around a 1000 ml boiling flask and a rotary evaporator of the
type used in chemical laboratories, Figure 9. Boom Sand from Fallon,
Nevada was loaded into the flask, the microphone pickup was attached to
the fixed part of the rotation system and a mechanical vacuum pump was
used to evacuate the flask. External heat was provided by a laboratory
hair dryer,

The somewhat limited results, to date, indicate that both heat and
vacuum are necessary before any acoustic signals, above the random noise

level, are generated. The vacuum may serve primarily as a mechanism for
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getting the water out of the sand since the sand continued to "boom" for
some minutes after the pump had been shut off and the flask backfilled
with room air. |f room air was used, continuous heat from the hair dryer
was necessary; we suggest that the hot sand does not readily absorb wafer
vapor. )

In the next series of experiments the flask will be backfilled wifh
dry air in the hope of maintaining the boom characteristics even when the
jar has cooled to room temperature. The fact that béoﬁing was observed
under partial vacuum conditions suggests that frapped air is not a part
of the boom mechanism. It seems more reasonable to propose that the
vacuum remo?es water and that this dry condition encourages electrostatic
phenomena. More details on this will be available in our next report.

The other experimental system shown in Figure |9 was built around a
tumbler of the type used for polishing by rock hounds. The addition of
internal lifter bars allowed the tumbler to |ift sand. The acoustic
noises were detected by a microphone crystal and there were provisions
for external heat and flushing with dry air. The results of some very
limited experiments indicate that booming occurs once the sand has been
dried and that the sand continues to boom as long as moisture is kept
out of the system. Some electrostatic effects, associated with the acous-
tic noises, have been observed and we hope to correlate these two
phenomena. Acoustic analysis equipment is available in the University
Speech Department and we expect to use their system to determine the
amplifude-frequency-specfrum.

These systems will be valuable as we develop equipment that can be

used for field studies of booming dunes. Ultimately we would hope to
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show that dunes can acquire large electrostatic charges and eject small

particulates.

Surface Catalysis and Exoelectron Emission

This program is an outgrowth of our earlier studies of gas-surface
interactions with the mass spectrometer. We have shown that as soon as |
catalytic oxidation of CO, H2 or NH3 begins (on hot platinum), there is
emission of nonthermal exoelectrons. This "exoelectron" emission can be
used to monitor the rate of catalysis. Suppression or enhancement of
this exoelectron emission results in an increase or decrease in-fhe rate
of caTa]ysis itself. A paper on this topic has appeared in the Journal
of Catalysis (see Publication 16).

In another study we followed the catalytic reaction of NO with CO
over hot monel. Monel is the candidate metal for a reaction to remove
NOx from automotive exhaust gases, and we have demonstrated that the
rate of reaction can be monitored in terms of exoelectrons emitted by
the catalyst. A short paper discussing our results has appeared in the
Journal of the Society of Automotive Engineers (Publication 19).

In a more recent work we observed exoelectron emission associated |
with the oxidation of CO and CH4 at atmospheric pressures. This data
was reviewed in our last six month report at which time it was noted
that some question existed about the numerical values of the activation
energy. We are re-running these experiments to obtain more accurate
values for the acfivaTibn energy.

In our last report we reviewed some preliminary data on the use of

dispersed catalysts for the ethylene plus oxygen to ethylene oxide
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reaction. These results were most promising but we noted that the
observation of ethylene oxide at mass 44 is obscured by the presence
of COZ' To remove this ambiguity we reworked the gas chromatograph to

allow it to operate in parallel with the mass spectrometer. This has
consumed considerable tTime bu{.we feel that the availability of fwo
analysis techniques will justify the effort.

In the next six months we plan to investigate fhg co, CH4 and
ethylene reactions in more detail with a view toward the determination
of exoelectron-catalysis correlations.

One commercial application of this work has been discussed with the

Dow Chemical Company (Texas Division). We hope to work out an arrange-

ment whereby Dow will support some of the work in this area.
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